
A9q./Jq/@{ 

THE CALIBRATION OF PHOTOGRAPHIC AND SPECTROSCOPIC FILMS 

The utilization of the Digital Image Processor in the Determination 
of Aging of the Surf Clam (Spisula shlidlssima) 

SEMI-ANNUAL REPORT 

May 1 ,  1987 - October 30, 1987 

BY 

Kevin A. Peters and Ernest C .  Hammond, J r .  

MORGAN STATE UNIVERSITY 

BALTIMORE, MARYLAND 21239 

(NASA-CB-181339) THE C U I B B A T I O N  OF N87-29804 
PHOTOGBAPHIC A N D  SPECTROSCOPIC FILS. TtE 
U T I L I Z A T I O l  OF THE D I G I T A L  ItIAGE P R O C & S S O R  
IN THE D E T E R H I N A T I O N  OF A G I N G  OF THE SULi t  U n c l a s  
CLAM (SPXSULA(2Wrqan Sta te  Univ . )  8 p G 3 / 3 S  Oli)0141 

SUBMITTED TO NASA, LABORATORY FOR ASTRONOMY AND SOLAR PHYSICS 

GODDARD SPACE FLIGHT CENTER, GREENBELT, MARYLAND 20770 



The U t i l i z a t i o n  of t h e  D i g i t a l  Image Processor  i n  t h e  
Determinat ion of Aging of the Surf C l a m  (Spisu la  so l id i s s ima)  

Kevin A. P e t e r s  and Ernest  C. Hammond,Jr. 

ABSTRACT 

The age  of t h e  su r f  clam, (Spisu la  so l id i s s ima)  can  be  
determined wi th  t h e  use  of t h e  D i g i t a l  Image Processor .  
This  technique i s  used i n  conjunct ion  wi th  a modified 
method f o r  a g i n g ,  r e f ined  by John Ropes,of t h e  Woods Hole 
Laboratory,  Woods Hole, Massachusetts.  This  method u t i l i z e s  
a thinned sec t ioned  chondcophore of t h e  su r f  clam which 
conta ins  annual  r i n g s .  The annual r i n g s  of t h e  chondrophore 
a r e ,  then,  counted t o  determine t h e  age. By d i g i t i z i n g  t h e  
chondrophore, t h e  D i g i t a l  Image Processor  i s  c l e a r l y  a b l e  
t o  s e p a r a t e  t h e s e  annual r ings  f o r  a c c u r a t e  count ing.  This  
technique produces an e a s i e r  and more e f f i c i e n t  way f o r  
count ing annual r i n g s  t o  determine aging i n  t h e  sur f  clam 
(Spisu la  so l id i s s ima)  . 

INTRODUCTION 

The de termina t ion  of ag ing  of t h e  sur f  clam and o t h e r  marine 
organisms has become a major concern t o  marine b i o l o g i s t s ,  e c o l o g i s t s  and 
t h e  f i s h i n g  indus t ry .  The major reason f o r  t h e i r  concern i s  f o r  popula t ion  
assessment s t u d i e s  of marine organisms i n  areas that are f i s h e d .  A s  a 
r e s u l t  of ocean dumping and o ther  p o l l u t i o n  r e l a t e d  problems, an 
assessment  of v a r i o u s  marine populat ions a re  needed f o r  s tudy  t o  determine 
t h e  a f f e c t s  of p o l l u t i o n  on marine organisms. Associated wi th  these 
popula t ion  s t u d i e s  a re  t h e  following: s ize-age r e l a t i o n s h i p s ,  l ongev i ty  of 
v a r i o u s  s p e c i e s  of organisms, t h e  ra te  of growth of organisms, and 
f i n a l l y ,  growth d i f f e r e n c e s  among c e r t a i n  species of organisms. By c l o s e  
examinat ion and a n a l y s i s  of aging of va r ious  popula t ions ,  many unanswered 
ques t ions  concerning t h e  a f f e c t s  of p o l l u t i o n  on marine environments can 
be explored.  

The sur f  clam, Sp i su la  so l id i ss ima,  i s  a marine organism that has  
g r e a t  economic va lue ,  t h a t  h a b i t a t s  along t h e  A t l a n t i c  c o a s t  of t h e  United 
S t a t e s .  Th i s  organism's age has been determined using a modified method 
f o r  ag ing , r e f ined  by John Ropes, of the Woods Hole Laboratory,  Woods Hole, 
Massachusetts.  Th i s  method u t i l i z e s  a thinned sec t ioned  chondrophore of 
t h e  sur f  clam which con ta ins  annual r i n g s .  The annual  r i n g s  of t h e  
chondrophore are, then ,counted  t o  determine t h e  age  of t h e  sur f  clams by 
p r o j e c t i n g  t h e  image of t h e  chondrophore on a sc reen  o r  making a 
photograph of t h e  chondrophore. 



- 2 -  

This  technique has  been found t o  be very u s e f u l  i n  determining t h e  age  of 
a sample of clams taken from Ocean City,  Maryland, and A t l a n t i c  Ci ty ,  New 
Je r sey .  Although t h i s  technique  has proven' i t s  use fu lness ,  t h e r e  a re  
s e v e r a l  problems a s s o c i a t e d  wi th  i t .  One problem seems t o  be f i n d i n g  t h e  
f i r s t  a n n u l i ,  o r  r i n g ,  which i n  many cases i s  f a i n t .  Another problem i s  
a s s o c i a t e d  wi th  o l d e r  clams i n  which t h e  a n n u l i  r i n g s  become crowded, and 
thus ,  more d i f f i c u l t  from which t o  get an a c c u r a t e  count .  

The methodology u t i l i z e d  i n  the  conduct of t h i s  r e s e a r c h  i s  c a l l e d  
D i g i t a l  Image Processing.  By d e f i n i t i o n ,  D i g i t a l  Image Process ing  i s  a 
computerized technique used by s c i e n t i s t s  of v a r i o u s  d i s c i p l i n e s  t o  
enhance and ana lyze  va r ious  images, o r  p i c t u r e s ,  produced e i t h e r  by a 
camera o r  a nonphotographic imaging sensor .  Th i s  technology has been used 
i n  a number of ways, such as  monitoring c rops ,  f o r e c a s t i n g  weather,  
f a c i l i t a t i n g  r a d i o  astronomy, support ing remote sens ing ,  enabl ing  medical  
u l t r a sound ,  and i n  a hos t  of o t h e r  s c i e n t i f i c  and i n d u s t r i a l  a p p l i c a t i o n s .  

In  an a t t e m p t  t o  improve t h e  cu r ren t  methodology f o r  ag ing  techniques  
of t h e  su r f  clam f o r  t h e  purposes of popula t ion  assessment ,  D i g i t a l  Image 
Process ing  w a s  examined , us ing  a thinned sec t ioned  chondrophore which 
c o n t a i n s  annual r i n g s  t o  determine the  age of s e v e r a l  clams. 

The p r i n c i p a l  r e s u l t s  of th i s  r e s e a r c h  demonstrates that D i g i t a l  
Image Process ing  technology provides  a p r a c t i c a l  a p p l i c a t i o n  i n  t h e  
de te rmina t ion  of age  i n  t h e  surf  clam. 

Thus, t h e  purpose of t h i s  d i sscuss ion  i s  t o  r e p o r t  t h e  r e s u l t s  of 
r e sea rch  t h a t  i n d i c a t e s  t h a t  D i g i t a l  Image Process ing  has a p r a c t i c a l  
a p p l i c a t i o n  f o r  determining t h e  age  of surf  clams. 

MATERIALS 

The materials needed f o r  the completion of t h e  r e s e a r c h  were t h e  
f o 11 owing : 

1. Gould IP8500 D i g i t a l  Image Processor 

2 .  Conrac monitor (512 x 512) used t o  reproduce images 

3. M t i  series 69 High Resolut ion Camera 

4 .  Nikon F 35 rnm camera w i t h  50 mm l e n s  used t o  t ake  p i c t u r e s  and 
s l i d e s  from t h e  Conrac monitor f o r  a n a l y s i s  

c 

5 .  Ten thinned sec t ioned  chondrophores of t h e  surf  clam used i n  
o rde r  t o  determine age 
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METHODS 

A t  t h e  o u t s e t ,  t h i s  process  involved fou r  b a s i c  s t e p s ,  which w i l l  be 
descr ibed  below. 

F i r s t ,  t h e  d i g i t i z i n g  of t h e  thinned sec t ioned  chondrophore w a s  
conducted. When an image o r  p i c t u r e  i s  d i g i t i z e d ,  i t  i s  represented  by a 
r e g u l a r l y  spaced a r r a y  of samples  of t h i s  p i c t u r e  o r  image func t ion .  These 
samples  a re  quant ized ,  so t h a t  t h e  numbers t a k e  on a d i s c r e t e  set  of 
p o s s i b l e  va lues ,  gene ra l ly  i n t e g e r s .  The elements of a d i g i t a l  p i c t u r e  
a r r a y  a r e  c a l l e d  "p ixe l s , "  The chondrophore w a s  p laced  underneath the l e n s  
of a h igh  r e s o l u t i o n  t e l e v i s i o n  camera and focused i n t o  t h e  v id i con ,  where 
t h e  image w a s  d i g i t i z e d .  The high r e s o l u t i o n  camera w a s  a t t ached  
e l e c t r o n i c a l l y  t o  t h e  D i g i t a l  Image Processor  (DIP) which transformed t h e  
d i g i t i z e d  image of t h e  chondrophore i n t o  p i c t u r e  e lements ,  o r  p i x e l s .  
Moreover, i t  should be noted t h a t  t h e  DIP i s  a b l e  t o  d i s t i n g u i s h  between 
256 d i f f e r e n t  l e v e l s  of t h e  c o l o r  gray. Within t h e  DIP,  t h e  p i x e l s  are  
transformed i n t o  t h e  v a r i o u s  l e v e l s  of gray. I n  a d d i t i o n ,  t h e  computer 
a l s o  c o n t a i n s  "look up t a b l e s , "  which a s s i g n  c o l o r  v a l u e s  t o  each p i x e l .  
F i n a l l y ,  t h e  D I P  is, then,  a b l e  t o  sense s u b t l e  changes i n  t h e  l e v e l s  of 
gray  of t h e  chondrophore and a s s i g n s  f a l se  c o l o r ,  however programmed. 

Secondly, t h e  p i x e l s  were averaged by a program wi th in  t h e  DIP.  This 
process  was performed f o r  enhancement purposes.  Averaging p i x e l s  i s  used 
t o  improve t h e  enhancement of an image by inc reas ing  and o r  decreas ing  t h e  
c o n t r a s t .  

Th i rd ly ,  t h e  image of t h e  chondrophore on t h e  monitor w a s  magnified 
wi th  t h e  zoom c a p a b i l i t y  of t h e  DIP .  The maximum zoom c a p a b i l i t y  of t h e  
DIP i s  seven times. The purpose f o r  enlargement of t h e  image was t o  
magnify the annual  r i n g s  of t h e  chondrophore f o r  s e p a r a t i o n  of o u t e r  r i n g s  
and f o r  a c c u r a t e  count ing t o  determine t h e  age  of t h e  p a r t i c u l a r  sur f  clam 
s tud ied .  D i g i t a l  image enlargement simply adds  p i x e l s  t o  t h e  input  image 
t o  i n c r e a s e  the scale of t h e  output  image e i t h e r  t o  improve t h e  scale of a 
d i s p l a y  f o r  i n t e r p r e t a t i o n ,  o r  t o  match t h e  scale t o  ano the r  image. 

F i n a l l y ,  a 35 mm camera was used i n  o rde r  t o  t a k e  s l i d e s  and p i c t u r e s  
of t h e  chondrophore from the '  high r e so lu t ion  monitor.  This  procedure w a s  
necessary  f o r  documentation purposes and f o r  f u r t h e r  a n a l y s i s .  

RESULTS 

From c a r e f u l  photographic observat ion and a n a l y s i s  of s e v e r a l  
d i g i t i z e d ,  thinned sec t ioned  chondrophores, t h e  d a t a  c l e a r l y  i n d i c a t e  that 
t h e r e  i s  an inc rease  i n  t h e  r i n g  sepa ra t ion  as  each photograph w a s  
enlarged and enhanced. The add i t ion  of f a l s e  c o l o r  t o  t h e  images a l s o  
shows vary ing  degrees  of c o n t r a s t  between each annual  r i n g  o r  band. This  
process  can be c l e a r l y  demonstrated i n  F igures  1 and 2 .  Figure 1 i s  t h e  
monochromatic image of a thinned sect ioned chondrophore, and Figure  2 
shows t h e  a d d i t i o n  of f a l s e  co lo r .  
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Figure  2 c l e a r l y  shows g r e a t e r  c o n t r a s t  i n  c o l o r .  F igure  3 r e p r e s e n t s  an 
i n c r e a s e  i n  t h e  magni f ica t ion  of t h e  chondrophore and a l s o  an  averaging  of 
t h e  p i x e l s .  ( I t  should be noted t h a t  Figures  1, 2 ,  and 3 are  of t h e  same 
specimens).  One can c l e a r l y  see even g r e a t e r  c o n t r a s t  as  a r e s u l t  of t h i s  
method. F igures  4 ,  5, and 6 show the  r e s u l t s  of enlargement by t h e  zoom 
c a p a b i l i t y  of t h e  DIP. Here i n  t h e s e  photographs,  t h e  ages  can be  e a s i l y  
determined by count ing t h e  r ings .  Figure 4 appears  t o  be s i x  y e a r s  of age.  
F igu res  5 and 6 appear t o  be n i n e  and f i v e  yea r s ,  r e spec t ive ly .  

F i n a l l y ,  t h e  problems of crowding of r i n g s  f o r  o l d e r  clams w a s  
explored.  Severa l  d i f f e r e n t  techniques were app l i ed  which gave 
s a t i s f a c t o r y  r e s u l t s .  F i r s t ,  de f in ing  an area of i n t e r e s t  i n  t h e  DIP was 
explored us ing  an o l d e r ,  thinned sect ioned chondrophore. The chondrophore 
w a s  subdivided i n t o  two ha lves  as  demonstrated i n  F igures  7 and 8. F igure  
7 r e p r e s e n t s  t h e  ou te r  boundaries  of t h e  chondrophore where crowding of 
r i n g s  i s  a problem. F igure  8 r ep resen t s  t h e  oppos i t e  end where t h e  f i r s t  
a n n u l i  occurs .  Next, each image was zoomed, and t h e r e  i s  c l e a r l y  adequate  
sepa ra t ion  f o r  t h e  determinat ion of age. This  chondrophore appears  t o  be 
about  t h i r t e e n  y e a r s  of age. 

DISCUSS ION 

Examination of photographed, d i g i t i z e d ,  and thinned sec t ioned  
chondrophores of t h e  su r f  clam demontrates that D i g i t a l  Image Process ing  
technology can be a p p l i c a b l e  i n  t h e  de te rmina t ion  of t h e  age  of t h e  sur f  
clams. The i n i t i a l  imp l i ca t ion  of t h i s  r e sea rch  i n d i c a t e s  that t h i s  
technology can be used no t  only w i t h  t h e  de te rmina t ion  of t h e  age of t h e  
su r f  clams, but wi th  o t h e r  s h e l l f i s h  o r  marine organisms t h a t  c o n t a i n  
annual  r i n g s ,  o r  growth bands. Addi t iona l ly ,  t h i s  r e sea rch ,  aga in ,  
emphasizes t h e  many p r a c t i c a l  a p p l i c a t i o n s  of D i g i t a l  Image Process ing  i n  
a p l e tho ra  of i n t e r d i s c i p l i n a r y  f i e l d s .  

I n  t h e  course  of t h e  research ,  t h e r e  were s e v e r a l  conc lus ive  
obse rva t ions  t h a t  demonstrated t h a t ,  a l though t h i s  technique  f o r  ag ing  i s  
very  promising, t h e r e  was one l i m i t i n g  f a c t o r .  That i s  , that f o r  complete 
accuracy i n  age de te rmina t ion ,  t h e  i n i t i a l  thinned sec t ioned  c u t  i s  most 
important .  I f  t h e  chondrophore is not c u t  evenly a s  t o  cap tu re  a l l  of t h e  
annual  r i n g s ,  then t h e  DIP can no t  enhance o r  en la rge  t h e  r i n g s  t h a t  a r e  
undetected o r  i n v i s i b l e .  

F i n a l l y ,  observa t ion  of t h e  d i g i t i z e d  chondrophore showed that annual  
r i n g s  vary  wi th  each r e s p e c t i v e  r ing .  Carefu l  s tudy  of t h e  v a r i o u s  r i n g s  
could poss ib ly  r e v e a l  information regarding t h e  ra te  of growth dur ing  
va r ious  seasonal  and environmental  changes t h a t  t h e  organism undergoes. 
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